The mineral composition of Brazilian rice samples was determined and the data obtained were evaluated using principal component analysis (PCA) and hierarchical cluster analysis (HCA). Nineteen commercial rice samples were analyzed, six being brown, seven parboiled and six white. The elements were determined employing inductively coupled plasma optical emission spectrometry (ICP OES), and the accuracy was confirmed using a certified reference material of rice flour. The PCA showed the formation of three clusters: a group with the brown rice samples, other with the parboiled rice samples and another of the white rice samples. PCA also showed that the brown rice samples are richer in minerals than the white and parboiled rice samples. Calcium, sodium, zinc and manganese in white rice samples are higher than in parboiled rice samples, while the parboiled rice has higher contents of iron, magnesium, strontium, potassium and phosphor. HCA also demonstrated formation of three major groups, confirming the results obtained by PCA. Application of HCA in the subgroups of rice samples clearly showed separation of rice brands and also separation between the raw and cooked samples. The mineral composition in the rice samples analyzed agrees with data reported by other authors. This paper revealed that the mineral compositions for white, brown and parboiled rice are significantly different.
Introduction
Rice is a grain used to feed more than half human world population. Like all plants, the mineral composition of rice depends crucially on the chemical nature of the soil, use of fertilizers and herbicides, irrigation water and other factors. Since this is a food of great importance in the human diet, the nutritional assessment of rice provides data relevant to nutritionists and doctors. [1] [2] [3] [4] Falahi et al. determined Fe, Zn, Ca, Cu, Pb and Cd in ninety-nine polished white rice samples grown in Iran. 5 Another paper quantied nutrients and toxic elements in rice samples consumed in Thailand. 6 A study characterized using a chemometric technique the rice consumed in Valencia City, Spain. 7 A work evaluated the mineral composition of rice consumed in Pakistan. 8 Antoine et al. determined the content of toxic and essential elements of brown and white rice consumed in Jamaica. 9 Other papers have also been published involving the determination of toxic elements such as mercury 10, 11 and cadmium in rice. 12 Principal component analysis (PCA) and hierarchical cluster analysis (HCA) are chemometric techniques of multivariate analysis that allow graphical visualization of analytical data, even when the number of samples and variables is large, examining the presence or absence of natural groupings between samples. 13 PCA reduces the dimensionality of the original dataset, preserving the greatest amount of information. This reduction occurs by means of establishing new orthogonal to each other variables, termed principal components (PCs). 11 HCA can group the samples into classes, based on the similarity of the participants of the same class and differences between members of different classes. The graph obtained is called a dendrogram. 11 PCA and HCA are techniques that complement each other and they have been employed for evaluation of results of data analysis. [14] [15] [16] [17] [18] [19] [20] The present paper determined and compared the mineral compositions of brown, parboiled and white rice samples consumed in Salvador City, Brazil. The effect of cooking on the mineral content was also investigated. All the data obtained were evaluated using the multivariate analysis techniques PCA and HCA.
Experimental

Instrumentation
The determination of the chemical elements was performed using a Varian model Vista PRO Inductively Coupled Plasma Optical Emission Spectrometer (Mulgrave, Australia) with axial viewing and a Charge Coupled Device (CCD) detector. A Sturman-Master chamber and a V-Groove nebulizer were also utilized. The instrumental conditions of the spectrometer established during the analyses were: power (1.3 kW), plasma gas ow (15.0 L min À1 ), auxiliary gas ow (1.5 L min À1 ) and nebulizer gas ow (0.8 L min À1 ).
The elements and the analytical wavelengths used for quantication were as follows: Ca II (317.933 nm), K II (766.491 nm), Mg II (285.213 nm), Na I (589.592 nm), P I (213.613 nm), Fe II (238.204 nm), Mn II (259.372 nm), Sr II (421.552 nm) and Zn II (202.548 nm).
The accuracy of the analytical technique was conrmed using a certied reference material of rice our furnished by National Institute of Standard and Technology. The results obtained in this experiment are shown in Table 1 .
Chemicals and reagents
The decontamination of the glass apparatus was performed using 10% v/v nitric acid solution for 12 h prior to use. All solutions were prepared employing ultra pure water (18.2 MU cm) from a Milli-Q system (Millipore, MA, USA) and the chemical reagents were of analytical grade, from Merck (Darmstadt, Germany). Standard stock solutions for all elements with a concentration of 1000 mg L À1 were used to prepare working standard solutions by diluting each of these solutions with 1% (v/v) nitric acid.
Samples
Nineteen commercial rice samples were acquired from supermarkets in March, 2011 from Salvador City, Bahia State, Brazil, six being brown rice samples, seven parboiled rice samples and six white rice samples. These were dried at room temperature in a desiccator containing anhydrous calcium chloride for 72 hours. Aerward, all these samples were stored in plastic asks.
The cooking of the samples was performed in a conventional microwave oven. The residual water from this process was discarded and the cooked rice was analyzed. 21, 22 In digestion tubes were deposited rice samples (2.0 g) and 3 mL concentrated nitric acid (Merck) and 3 mL of 30% (v/v) hydrogen peroxide (Merck) were added for complete digestion of the samples. The tubes were put in a TECNAL model TE 040/ 25 block digester and cold nger condensers, which were cooled via refrigerated water attached to the tubes. The mixtures were heated for three hours. Then, the residues were diluted to 10 mL with ultra pure water. All the samples were digested in triplicate.
Sample preparation using a digester block
Soware
Principal Component Analysis and Hierarchical Cluster Analysis calculations were carried out using the Statistica 6.0 23 soware. Ward's linkage method was used for the hierarchical cluster analysis. 24 3 Results and discussions
Determination of the mineral composition of Brazilian rice
The experimental work involved initially the analysis of nineteen raw rice samples in triplicate. Aerward, all these samples were cooked in triplicate and also analyzed. Thus, a total of 114 experiments were performed for the determination of Ca, Mg, Na, P, Fe, Mn, Sr and Zn in raw and cooked rice samples.
The data obtained in these 114 analyses were evaluated using PCA. The nine elements were established as columns and the rice samples as rows. The evaluation was performed on autoscaled data because of different orders of magnitude in the element concentrations. The loadings of the original variables for the rst principal component (PC1) are: calcium (À0.7249); magnesium (À0.8599); sodium (À0.7407); phosphor (À0.8261); iron (À0.9164); manganese (À0.8525); strontium (À0.8775) and zinc (À0.7820) and they represent 68.11% of the total variance. The second principal component (PC2) accounts for 19.79% of the total variance. This way, the rst two principal components can model the data because they describe 87.89% of the total variance. Fig. 1 presents the PC1 Â PC2 biplot resulting from the application of PCA. In this plot, the scaling procedure of PC analysis ensures that the lengths of the vectors representing variables and those of the sample vectors are on the same scale. As can be seen, three clusters for the analyzed samples are formed: a group with the brown rice samples, other with the parboiled rice samples and another with the white rice samples. A slight separation between raw and cooked samples can be also observed. Since the rst PC has large negative loadings for the nine elements determined, the brown rice samples with lower scores are expected to have high concentrations of these elements. Variables located close to each other in a biplot are interpreted as being similar in behavior. Inspection of the plots for P and K indicates they are more highly correlated with each other than they are with Mn. That is, P and K belong to the same vector whereas Mg and Sr are in the same vector with Fe. PCA also showed that the brown rice samples are richer in minerals than the white and parboiled rice samples. Calcium, sodium, zinc and manganese in the white rice samples are higher than in the parboiled rice samples, while the parboiled rice has higher contents of iron, magnesium, strontium, potassium and phosphor, Fig. 1 .
The same data obtained with the 114 analyses were also evaluated by HCA, and the results are shown in Fig. 2 . In this dendrogram can be observed also the formation of three groups that are: parboiled rice samples, brown rice samples and white rice samples, it was conrming the results previously found with the PCA.
Effect of cooking on the mineral composition of rice samples
Application of PCA to the subgroups of rice samples clearly showed the separation between the raw and cooked samples, Fig. 3a -c. To conrm these results paired comparison analysis was used. This analysis is useful to eliminate the inuence of factors that are not of direct interest, for example, the difference in origins of the rice. The number of principal components was chosen from a scree plot. We used the score values of PC1 and PC2 for raw and cooked samples to estimate the distribution of a point on the t distribution and compare it with the value tabulated for each subgroup. The t-value with 17 degrees of freedom for brown rice and white rice is t 17,95% ¼ 2.11, while the t-value with 20 degrees of freedom for parboiled rice is t 20,95% ¼ 2.09, all at the condence level of 95%. For brown rice the values calculated for PC1 and PC2 weret PC1 ¼ 25.46 andt PC2 ¼ 11.59; for white rice,t PC1 ¼ 19.38 andt PC2 ¼ 4.3, and for parboiled ricê t PC1 ¼ 5.93 andt PC2 ¼ 5.03. As these values are greater than t 17,95% and t 20,95% , it can be concluded that there is indeed a systematic difference between the chemical composition of raw rice and cooked rice.
A comparison of the two treatments was used to prove a statistically signicant difference between the raw and cooked rice as well as to determine which ions undergo modication upon cooking. Table 2 shows the differences between the averages for cooked and raw rice with their respective condence intervals at the 95% condence level. Since those intervals for Ca, K, Mg, Na, P and Fe ions do not include zero, it can be concluded that the contents of these metals are reduced while cooking, unlike the Mn, Sr and Zn ions where most of the intervals contain zero. These results are consistent with the PCA for white, brown and parboiled rice, Fig. 3 , where the variables with the highest absolute values of the loadings are Ca, Na, Fe, Mg and K.
The data obtained by analysis of the 36 samples of raw and cooked white rice were evaluated by HCA; six different brands of white rice were used in the experiment. Considering: (RW)for raw white rice and (CW)for cooked white rice, the result of this evaluation as the dendrogram (Fig. 4) shows clustering for the six brands of rice, and also it can be seen the separation between raw and cooked samples for the same brand of rice. The results achieved for brown rice and polished rice were similar to those found for white rice.
The results obtained with PCA demonstrated that the mineral compositions of brown rice, white rice and parboiled rice are different. In addition, HCA (Fig. 4 ) also showed that raw rice samples are different than the cooked rice samples.
Considering these results, the mineral content was determined according to the type of rice, and also the condition of raw and cooked rice. The average content and ranges of concentration for the elements are shown in Tables 3 and 4 , for raw and cooked rice, respectively.
The concentrations found for the elements as shown in Table 3 are in agreement with results achieved by other authors. 5-9
Evaluation of the mineral composition of the Brazilian rice
The results found as can be seen in Tables 3 and 4 demonstrated that the mineral content of brown rice is always greater than in the white rice and parboiled rice. This can be explained considering that the production of brown rice involves only the removal of the shell that covers the grain in its natural state. For the white rice, the production process of this involves a polishing step of crude rice in order to remove all outer layers, including the pericarp, testa and embryo. This polishing improves the appearance and taste of rice. However, this operation causes a loss of nutritional value for the rice, because some substances of high nutritional value contained in the embryo are removed. This explains the results achieved in this work.
Another evaluation of Table 3 shows that the white rice samples have concentrations of the elements calcium, sodium, zinc and manganese greater than the parboiled rice samples. The explanation for this is that the parboiling process causes diffusion of metals for the outer layers and then they are lost during polishing. The parboiled rice samples have concentrations of iron, magnesium, strontium, potassium and phosphor greater than the white rice samples. This has been explained, since the parboiling process causes migration of the soluble minerals of the outer layers to the endosperm of the grain. The evaluation of the data obtained in the sub-groups of rice samples using HCA also revealed that there is a difference in the mineral compositions among the rice brands analyzed in all three sub-groups, although in this paper, only the dendrogram ( Fig. 3) for white rice is presented. These differences can be produced by slight differences in rice processing of each brand, or due to their different origins.
In Fig. 3 , it is also possible to observe that the raw rice samples have a mineral composition different from the cooked rice samples of the same brand; in this study six samples of different brands were analyzed.
Conclusions
The PCA and HCA techniques showed that the mineral compositions of brown rice, white rice and parboiled rice samples are different.
The concentrations of calcium, sodium, zinc and manganese in white rice are greater than the parboiled rice, while the parboiled rice has higher contents of iron, magnesium, strontium, potassium and phosphor.
The PCA and HCA techniques also demonstrated that rice cooking causes a decreased mineral content in this cereal.
The concentrations of calcium, potassium, sodium, magnesium, phosphorus, iron, manganese, strontium and zinc obtained in the brown, white and parboiled rice samples acquired in Salvador City, Brazil are in agreement with data reported by other authors. 
